Introduction {#sec1-1}
============

Ovarian cancer (OC) is the 11^th^ most common cancer in women, and is the fifth leading cause of death from cancer in women, and is the deadliest cancer in women. The risk of this cancer is 1 in 79 in the lifetime of a woman and the risk of female mortality for OC is 1 in 109.\[[@ref1]\] This cancer is not usually diagnosed in the early stages of the disease, whereas if it is diagnosed at an early stage, it will have good prognosis. One of the diagnostic methods is transvaginal sonography. Furthermore, A cancer antigen-125 (CA-125) test measures the amount of the protein CA-125 in patient\'s blood. A CA-125 test may be used to monitor certain cancers during and after the treatment. In some cases, a CA-125 test may be used to look for early signs of OC in people with a very high risk of the disease. Although in these diagnostic methods, lesions such as low-grade serous carcinoma, endometrioid, clear cell, and ovarian mucinous carcinomas can be diagnosed, high-grade serous carcinoma (HGSC) tumors are not well detected in the early stages.\[[@ref2]\]

Given that the most common and deadliest type of OC is HGSC, early diagnosis of these lesions is quintessential to reduce the risk of death from OC.\[[@ref3]\] Since the cells are intrusive in this type of cancer, they can be diagnosed by endometrial cytology and cervicovaginal cytology when these cells enter the endometrial cavity from the fallopian tube.\[[@ref4]\]

In the previous studies, it has been shown that more than 20% of OCs are diagnosable by cytology; in addition, the diagnostic value of cytology has been higher in patients with a family history of breast or OCs.\[[@ref3]\] Moreover, according to the results obtained from a bulk of studies, endometrial cytology has been able to predict the carcinoma of the fallopian tube or the hysterological OC.\[[@ref5][@ref6][@ref7]\] However, the accuracy of this method has not yet been proven in identifying types of OC, and so the researchers are looking for a helpful diagnostic method that will lead to the early identification of this cancer so that they can reduce the mortality rate.

On the other hand, one of the major concerns in women, especially for gynecologists and midwives, is endometrial disease, which includes a wide range of benign endometrial diseases such as endometrial hyperplasia and endometrial cancer.\[[@ref8][@ref9]\] The gynecologic malignancies are fatal in women since most patients are diagnosed with advanced stages.\[[@ref10]\] At present, the diagnostic methods, such as biopsy, hysteroscopy, transvaginal sonography, saline sonohystrography, and cytology, are used to identify endometrial diseases such as hyperplasia and cancer.\[[@ref11]\]

The accuracy of the biopsy method is 90%--98%, and if used in conjunction with the other diagnostic methods mentioned above, it can be more accurate and more sensitive.\[[@ref12][@ref13][@ref14][@ref15]\] Nowadays, Pipelle outpatient biopsy, previously widely used in the assessment of abnormal bleeding and requiring admission and anesthesia, has been replaced by a dilatation and curettage technique.\[[@ref16]\]

This method was associated with complications such as cramps during and after the surgery.\[[@ref17]\] One of the outpatient methods is endometrial cytology. Endometrial cytology is a sensitive method in the diagnosis of endometrial cancer and has low pain and is cost-effective compared to other methods such as biopsy.\[[@ref18][@ref19]\]

In this regard, a bulk of the previous studies has shown that endometrial cytology has a higher diagnostic power than hysterectomy biopsy and other diagnostic methods.\[[@ref20][@ref21][@ref22]\] Cytology can be a predictor of the grade of endometrial carcinoma or complement the outcome of preoperative biopsy in distinguishing Type 1 from endometrial cancer.\[[@ref21]\] The sensitivity and specificity of this method in these studies were reported more than 80% and had a positive predictive value (PPV) of more than 90% (21.22).

However, it should be noted that if these diagnostic methods have false-positive results, they can lead to unproven medical intervention that has known complications and if there is a false-negative diagnosis, it may be along with progression and lack of proper treatment, especially for malignant and premalignant lesions.\[[@ref19]\] Therefore, comparing these methods should be taken into account with gold standard methods.

Accordingly, the purpose of this study was to compare the results of endometrial cytology and endocervical cytology with the ultimate outcome of the uterus, ovary, and Fallopian tube (derived from hysterectomy or salpingo-oophorectomy) in diagnosing endometrial hyperplasia, endometrial cancer, and OC.

Materials and Methods {#sec1-2}
=====================

The present cross-sectional study was conducted on patients undergoing hysterectomy or salpingo-oophorectomy referring to Al-Zahra and Shahid Beheshti hospitals in 2015--2017 (Isfahan, Iran). The patients were selected using simple random sampling technique and after insuring about no pregnancy and filling the consent form endometrial cytology was performed for all of them by a specialist. The patients were placed in the lithotomy position for cytology and without endoscopic anesthesia first, the endometrial brush was inserted into the cavity from the cervix and then, after brushing the endometrium, the sample was drawn and slipped onto the slide, as in the method used in Pap smear. Patient\'s endometrial cytology was numbered and sent to a pathological center for examination and examined by an experienced pathologist. Diagnostic criteria of cytology reports are shown in [Table 1](#T1){ref-type="table"} based on new diagnostic reporting format for endometrial cytology.\[[@ref23]\]

###### 

Diagnostic criteria of cytology reports

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Specimen adequacy
   Satisfactory for evaluation
   Less than optimal
   Unsatisfactory for evaluation
  Interpretation/result
   Negative
    Proliferative or secretory phase or atrophic endometrium
   AEC-US
    Suspicious for benign endometrial disease (bleeding due to ovarian dysfunction, iatrogenic changes, and infection) or simple endometrial hyperplasia (biopsy not recommended)
   AEC-PEMT
    Suspicious for complex endometrial hyperplasia, simple or complex atypical endometrial hyperplasia, and adenocarcinoma *in situ* (biopsy recommended)
   Positive
    Suspicious for malignant tumor
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AEC-US: Atypical endometrial cells of undetermined significance, AEC-PEMT: Atypical endometrial cells encompassing the spectrum of precursors to endometrial malignant tumors

On the next step, they underwent hysterectomy or salpingo-oophorectomy by an expert surgeon, and the uterus or ovaries, or both, were sent to a single experienced pathology unit for pathological examination. If the samples were diagnosed as endometrial hyperplasia, endometrial cancer, and OC, they were included in the study; selection was continued until to reach to 30 women with endometrial hyperplasia, 90 cases of endometrial cancer, 30 cases of OC, and 30 normal controls were included in the study. If the results of the pathological tests were unsatisfactory (insufficient sample, discordance), or there were cervical, pelvic, or vaginal infections, or in the case of reluctant to continue to participate in the study, the patients were excluded from the study.

It should be noted that the pathologist who cooperated in this study was not aware of the hysterectomy or salpingo-oophorectomy results.

Finally, collected data were entered into SPSS software (version 20; SPSS Inc., Chicago, Ill., USA) and to evaluate sensitivity, specificity, PPV, and negative predictive value (NPV) of cytology comparing x pathology; we used receiver operating characteristic (ROC) analysis. The significance level in all analyzes considered \<0.05.

Results {#sec1-3}
=======

According to the results of the pathology, the study was performed on 30 normal women (without endometrial cancer and OC) with the mean age of 51.80 ± 6.39 years, 90 women with endometrial cancer with the mean age of 60.59 ± 5.73 years, and 30 women with OC with the mean age of 55.33 ± 14.32 years, as well as on 30 women with endometrial hyperplasia with the mean age of 51.20 ± 5.94 years.

The evaluation of diagnostic value of cytology in comparison with pathology in diagnosing endometrial cancer showed that according to the cytology results, out of 90 individuals suffering from endometrial cancer, 78 (86.7%) ones were positive and 12 (13.3%) ones were negative \[[Figure 1](#F1){ref-type="fig"}\]; however, all patients with normal status were diagnosed normal as well. Moreover, the sensitivity and specificity of cytology in diagnosing endometrial cancer were 86.67% and 100%, respectively. Its PPV was 100% and its NPV was 71.4% (area under the ROC curve \[AUC\] \[95% CI\] = 0.933 \[0.873--0.971\]; *P* \< 0.0001) \[[Table 2](#T2){ref-type="table"}\].

![Aspiration cytology of endometrial malignancy (adenocarcinoma)](ABR-8-20-g001){#F1}

###### 

Cytology compared pathology for diagnosis endometrial cancer

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Endometrial cancer, according to cytology   True endometrial cancer, *n* (%)   AUC\       Sensitivity\            Specificity\        PPV              NPV   *P*    
                                                                                 (95% CI)   (95%CI)                 (95% CI)                                          
  ------------------------------------------- ---------------------------------- ---------- ----------------------- ------------------- ---------------- ----- ------ ----------
  Positive (*n*=78)                           78 (86.7)                          0 (0)      780.933 (0.873-0.971)   86.67 (77.9-92.9)   100 (88.4-100)   100   71.4   \<0.0001

  Negative (*n*=42)                           12 (13.3)                          30 (100)                                                                             
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ROC: Receiver operating characteristic, AUC: Area under the ROC curve, PPV: Positive predictive value, NPV: Negative predictive value, CI: Confidence interval

The evaluation of diagnostic value of cytology in comparison with pathology in diagnosing endometrial hyperplasia showed that according to the cytology results, out of 30 individuals suffering from endometrial hyperplasia, 24 (80.0%) ones were positive and 6 (20.0%) ones were negative \[[Figure 2](#F2){ref-type="fig"}\]; however, all patients with normal status were diagnosed normal as well. Moreover, the sensitivity and specificity of cytology in diagnosing endometrial cancer were 80.00% and 100%, respectively. Its PPV was 100% and its NPV was 83.3% (AUC \[95% CI = 0.9000 \[0.795--0.962\]; *P* \< 0.0001) \[[Table 3](#T3){ref-type="table"}\].

![Aspiration cytology of endometrial hyperplasia](ABR-8-20-g002){#F2}

###### 

Cytology compared pathology for diagnosis endometrial hyperplasia

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Endometrial hyperplasia, according to cytology   True endometrial hyperplasia, *n* (%)   AUC\       Sensitivity\          Specificity\        PPV              NPV   *P*    
                                                                                           (95% CI)   (95%CI)               (95% CI)                                          
  ------------------------------------------------ --------------------------------------- ---------- --------------------- ------------------- ---------------- ----- ------ ----------
  Positive (*n*=24)                                24 (80)                                 0 (0)      0.900 (0.795-0.962)   80.00 (61.4-92.3)   100 (88.4-100)   100   83.3   \<0.0001

  Negative (*n*=36)                                6 (20)                                  30 (100)                                                                           
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ROC: Receiver operating characteristic, AUC: Area under the ROC curve, PPV: Positive predictive value, NPV: Negative predictive value, CI: Confidence interval

The evaluation of diagnostic value of cytology in comparison with pathology in diagnosing OC showed that cytology could not detect any one of the 30 individuals suffering from OC, 2; however, all patients with normal status were diagnosed normal as well. Moreover, the sensitivity and specificity of cytology in diagnosing endometrial cancer were 0% and 100.0%, respectively. Its PPV was 0% and its NPV was 50% (AUC \[95% CI\] = 0.500 \[0.368--0.632\]; *P* = 1.00) \[[Table 4](#T4){ref-type="table"}\].

###### 

Cytology compared pathology for diagnosis ovarian cancer

  OC, according to cytology   True OC, *n* (%)   AUC (95% CI)   Sensitivity (95%CI)   Specificity (95% CI)   PPV                 NPV   *P*   
  --------------------------- ------------------ -------------- --------------------- ---------------------- ------------------- ----- ----- ------
  Positive (*n*=0)            0 (0)              0 (0)          0.500 (0.368-0.632)   0 (0-11.6)             100.00 (88.4-100)   0     50    1.00
  Negative (*n*=60)           30 (100)           30 (100)                                                                                    

ROC: Receiver operating characteristic, AUC: Area under the ROC curve, PPV: Positive predictive value, NPV: Negative predictive value, CI: Confidence interval, OC: Ovarian cancer

Discussion {#sec1-4}
==========

The results of this study demonstrated that the sensitivity and specificity of cytology were 86.67% and 100%, respectively, that revealed the acceptable diagnostic value in the detection of endometrial cancer.

In a study conducted by Okadome *et al*., on 198 patients with endometrial cancer who underwent endometrial cytology, endometrial biopsy, and then hysterectomy, they concluded that the sensitivity and specificity of endometrial biopsy in the detection of Type 1 endometrial carcinomas were 80% and 67%, respectively, whereas the sensitivity and specificity of endometrial cytology in the detection of Type 1 endometrial carcinoma were 90.4% and 70.3%, respectively. The sensitivity and specificity of endometrial biopsy for detecting type 2 endometrial carcinomas were 67.6% and 84.9%, respectively, whereas the sensitivity and specificity of endometrial cytology for the detection of Type 2 endometrial carcinoma were 70.3% and 91.8%, respectively. Moreover, 10 patients represented neither endometrial cytology nor endometrial biopsy in any atypical tissue or cell. Nine patients had no finding for cytology; however, their biopsy was positive, and four patients had normal biopsy but atypical cells were reported in their cytology. This study found that endometrial cytology had a higher diagnostic power than endometrial biopsy for detecting endometrial cancer and can predict grade of endometrial carcinoma or complement the result of preoperative biopsy distinguishing between Type 1 and Type 2 endometrial carcinoma.\[[@ref21]\]

However, our study has not been evaluated the results of biopsy; it was consistent with our study regarding the high accuracy of the cytology for detecting endometrial cancer. According to this study, cytology was also considered as a good predictor for detecting grades of endometrial cancer.

In addition, the evaluation of the diagnostic value of cytology compared to pathology for detecting endometrial hyperplasia showed that only six patients with this disease were not diagnosed by cytology; therefore, the sensitivity and specificity of this test were 80% and 100%, respectively. In addition, the NPV of this test to detect endometrial hyperplasia was more than endometrial cancer and had less accuracy in detecting endometrial hyperplasia than endometrial cancer; however, there was no preference for the accuracy of cytology to detect endometrial hyperplasia compared to endometrial cancer.

In this regard, a study by Kaur *et al*. conducted on 21 patients with endometrial hyperplasia to detect endometrial hyperplasia. The endometrial cytology was able to detect 18 cases showing 87.5% sensitivity, 100% specificity, 100% PPV, and 96% NPV; hence, this result was similar to our present findings.\[[@ref22]\]

Finally, cytology was not considered as a good diagnostic tool in the diagnosis of OC. Since it was not able to detect any cases of OC, although all normal cases were correctly detected, as was clear, this test had the lowest accuracy in the diagnosis of OC.

In addition, contrary to the current study, Otsuka *et al*.\'s study showed that the sample from endometrial testing could detect early-stage fallopian tube, ovarian, and peritoneal cancers. It was also found in this study that 23% of HGSC patients were identified in endometrial cytology, whereas other types of cancers such as 6% of low-grade serous carcinoma or mucinous were detected in cytology. In this study, 12% of the asymptomatic patients with ovarian, fallopian tube, or primary peritoneal cancer had positive endometrial cytology, which was three times that of the endocervical cytology. Even 40% of patients were diagnosed in early stage 0--2.\[[@ref3]\]

It is also possible that endometrial cytology can be positive compared to others in the early diagnosis of ovarian pathology in women with a family history of either ovarian or breast cancer (BRCA mutation), which may be a great value in these patients.\[[@ref3]\]

In addition, endometrial cytology revealed the malignant cells of the fallopian tube.\[[@ref5]\] Suzuki *et al*.\'s study on 163 patients showed that 90% of cervical smears and 79% of endometrial smears could predict histologic type in OC.\[[@ref7]\]

One of the strengths of this study is that it spends more time to focus our attention on collecting a certain number of normal patients or cases with endometrial hyperplasia, with ovarian and endometrial cancer, so that we can ensure accurate evaluation the diagnostic value of cytology because the previous studies were evaluated on a small and unequal sample of patients with hyperplasia, cancer, or normal, which small sample size of patients in each disease affects the diagnostic value of cytology.

In contrast, the study\'s weakness may be the lack of diagnosis of OC by cytology, which could be due to a lack of sufficient researcher\'s experience or a lack of opportunity for further sampling. Therefore, it is recommended that in the future studies, the diagnostic value of cytology should be used to detect OC in a larger sample size to reduce the probable errors in the research process.

Conclusion {#sec1-5}
==========

The results of this study indicated that cytology had a good diagnostic value for detecting endometrial hyperplasia and endometrial cancer compared to pathology; however, it had a very low sensitivity in detection of OC and could not be considered as a good diagnostic tool for detecting OC compared to pathology.
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